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Summary
Thromboembolic events was most important

adverse event for coil embolization for intrac-
erebral aneurysm. The present study investigated
possible risk factors for thromboembolic events
during coil embolization using diffusion-weight-
ed imaging (DWI), comparing unruptured and
ruptured lesions.

Introduction

Endovascular coil embolization can prevent
rupture in cerebral aneurysm. Coil placement
in ruptured aneurysms as an alternative to sur-
gical clipping will presumably increase with the
development of devices and interventional skil-
ls. However, unlike with surgical clipping, the
risk of thromboembolic events should be con-
sidered for such procedures.

Thromboembolic complications represent a
major adverse event in endovascular surgery.
Reported rates for periprocedure ischemic
stroke following endovascular treatment of
aneurysms using Guglielmi detachable coils
(GDCs) range from 2.3% to 10.4% 1-7. If coil
embolization is to become the golden standard
for the treatment of intracranial cerebral
aneurysm, efforts must be made to decrease
the frequency of this adverse event. Previous
investigators have suggested adjunctive tech-
nique such as a balloon-assisted or stent-assist-

ed techniques would increase the risk of silent
thromboembolic events 8,9. In endovascular sur-
gery for ruptured aneurysms, special manage-
ment is warranted to avoid thromboembolic
complications. The present study investigated
possible risk factors for thromboembolic even-
ts during coil embolization using diffusion-
weighted imaging (DWI), comparing unrup-
tured and ruptured lesions.

Methods

Patient Populations
Between March 1, 2003, and October 31,

2004, a total of 81 consecutive patients with 82
intracranial saccular aneurysms were treated
using GDC placement. Aneurysms were rup-
tured in 30 patients (31 aneurysms) and unrup-
tured in 51 patients (51 aneurysms). All except
seven patients underwent DWI ≤ two days after
GDC embolization. DWI data were not avail-
able due to unstable conditions after SAH or
motion artifacts. As a result, a total of 45 un-
ruptured aneurysm (Group U) and 29 ruptured
aneurysms (Group R) were included in this
study. Aneurysm size was classified as: s, small
(<4 mm); m/s, medium (5-9 mm) with small
neck (<4 mm); m/w, medium (5-9 mm) with
wide neck (>4 mm); large (>10 mm); or giant
(>25 mm). Locations and sizes of aneurysms
are shown in table 1.
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Figure 1 Multiple hyperintensities (mul-
ti-HIs) displayed on DWI after coil em-
bolization for ruptured left MCA
aneurysm.

Endovascular Procedures
All patients were treated under general

anesthesia and activated clotting time (ACT)
was kept >250 s during procedures. For unrup-
tured aneurysms, patients were administered
heparin 5000 IU before the procedure and he-
parin 1000 IU/h during the procedure. ACTs
were not tested during procedure. Sheaths and
guiding catheters were continuously flushed
with an infusion of saline with heparin. In all
cases, systemic heparinization was not re-
versed, and patients were transferred to the in-
tensive care unit under systemic hepariniza-
tion. If no thromboembolic events were detect-
ed and if the aneurysm was completely occlud-
ed, heparinization was stopped. If a risk of
thromboembolic events was suspected, syste-
mic heparinization was stopped 24h after the
procedure, and anticoagulants were given for 2-
3 days afterwards. For unruptured aneurysms,
40 of the 45 patients (88.9%) were adminis-
tered anti-platelet agents (Bayasprin® 100 mg;
Bayer Yakuhin, Tokyo, Japan) before the pro-
cedure. A 6-F guide catheter was navigated in-
to the parent artery using a system of continu-
ous heparinized saline flushing, and a micro-

catheter was advanced into the aneurysm. In
cases of wide-necked aneurysms, balloon-as-
sisted technique (BAT) was employed in 22 of
the 45 unruptured aneurysms (48.9%). BAT
was not used in ruptured aneurysms.

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) was

scheduled for ≤ two days after procedures.
Imaging was performed using a Magnetom Vi-
sion 1.5-T system (Simens, Erlangen, Germany)
with a multisection, single-shot, spin-echo, echo
planar imaging sequence.

Diffusion gradients were applied in each of
the x, y and z axes with two values of b (0 and
1000 s/mm2). Imaging parameter were as fol-
lows: TR/TE, 2600/82; matrix, 256; field of view,
23 x 23 cm; section thickness, 5 mm; and inter-
section gap, 2.5 mm.

Evaluation
Signal hyperintensity on DWI was counted

by a radiologist and evaluated by both the radi-
ologist and neuroendovascular surgeons. Pat-
terns of signal hyperintensity on DWI compri-
sed small single or multiple spots (figure 1),
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Figure 2 Large areas of hyperintensity were shown in left
cerebellar haemisphere after coil embolization for ruptured
right ICA aneurysm. There was no neurological deficit relat-
ed to this lesion.

unruptured aneurysms ruptured aneurysms
n (%) n (%)

total 45 29

size s 7 (15.6) 15 (51.7)
m/s 10 (22.2) 5 (17.2)
m/w 15 (33.3) 5 (17.2)
large 13 (28.9) 4 (13.8)

locations ACA 4 (8.9) 5 (17.2)
ICA 34 (75.6) 12 (41.3)

MCA 3 (ó.7) 5 (17.2)
VA-BA 4 (8.8) 7 (24~1)

anti-platelet drugs 40 (88.9) 0

Balloon assist tehnique 22 (48.9) 0

Table 1 Locations and sizes of aneurysms.

and aggregations of high signal intensity and
large high intensity areas. In this study, two
groups were employed for evaluation of the oc-
currence of the signal hyperintensity. The group
with few hyperintensities (few-HIs) displayed
0-4 signal hyperintensities (<4 mm), while the
group with multiple hyperintensities (multi-
HIs) displayed ≥5 hyperintensities, aggregation

or large areas of hyperintensity (>4 mm) on
DWI (figure 2).

Statistical Analysis
The association between hyperintense le-

sions and ruptured or unruptured status was
tested using chi-square for independence test.
Values of P<0.05 were considered indicative of
a significant association.

Results

Frequency of signal hyperintensity on DWI
after the endovascular procedure was 66.7% in
Group U and 89.7% in Group R. In Group R,
48% were few-HIs and 52% were multi-HIs.
Only 3 procedures showed 0 HIs in Group R
(10.3%).

In contrast, Group U displayed 78% few-HIs
and 22% multi-HIs, and 33.3% of Group U
showed 0 HIs. Frequency of multi-HIs was sig-
nificantly higher in Group R than in Group U
(P=0.004; figure 3). Frequency of 0 HIs was sig-
nificantly higher in Group U than in Group R.
Sizes and locations did not influence the fre-
quency of signal hyperintensity after GDC em-
bolization in this study (figure 4). BAT also did
not influence the frequency of signal hyperin-
tensity after GDC embolization among pa-
tients who had taken anti-platelet drugs before
the procedures (figure 5). In Group U, 16% of
HIs displayed no relation to the side of the
aneurysms. In contrast, 46% of HIs in Group R
displayed no relation to the side of the aneu-
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Figure 3 Comparison with the incidence of hyperintense le-
sion on DWI between unruptured aneurysms and ruptured
aneurysm. Incidence of multiple hyperintensities on DWI
was significantly higher for coil embolization for ruptured
aneurysms than that of unruptured aneurysms.

Figure 4 Incidence of hyperintense lesions according to the
size of the unruptured aneurysms. There was no significant
difference between each size of the aneurysm.

Figure 5 Comparison of the incidence of hyperintense le-
sion on DWI between with or without balloon-assisted tech-
nique. Balloon-assisted technique did not influence the inci-
dence of the multiple hyperintensities lesion.

rysms. All except one patient with signal hyper-
intensities on DWI after the endovascular pro-
cedure showed no symptomatic neurological
deficits.

Discussion

Thromboembolic complications represent
one of the most common and serious complica-
tions of endovascular coil embolization. Soeda
et Al. 6 noted that thromboembolic events re-
sulting from GDC embolization procedures
may be even more common than previously re-
ported 10. In their experience, thromboembolic
events on DWI associated with GDC emboliza-
tion in unruptured aneurysms occur at a fre-
quency of 61%, with persisting deficits affect-
ing approximately 40% of patients. The present
result suggests that care must be taken during
coil embolization for ruptured aneurysms. Fur-
thermore, adjunctive techniques such as BAT
do not appear to influence the frequency of
thromboembolic events. This report provides
new information on endovascular coils.

The reasons underlying the higher frequency
of HIs on DWI in coil embolization for rup-
tured aneurysms than for unruptured aneu-
rysms remain unclear. Different methods of he-
parin administration may influence the inci-
dence of HIs in ruptured aneurysms compared
with unruptured aneurysms. Various methods
may be employed for haeparin use during en-
dovascular coil embolization for ruptured
aneurysms. In our cases, systemic hepariniza-
tion was delayed until after successful place-
ment of one or more coils.

The importance of antiplatelet therapy dur-
ing endovascular procedures has gained in-
creasing recognition. We routinely use an-
tiplatelet drugs before embolization for unrup-
tured aneurysms, to avoid thromboembolic
complications. However, we could not use an-
tiplatelet drugs before embolization for rup-
tured aneurysms. This may be one reason for
the high frequency of HIs on DWI after em-
bolization for ruptured anurysms.

The frequency of thromboembolic complica-
tion is assumed to increase with the use of ad-
junctive technique. Some authors have suggest-
ed that BATs carry a greater risk than conven-
tional GDC procedures 11. Albayram 8 suggest-
ed that the frequency of new ischemic lesions
detected on DWI was strongly influenced by
the number of times the microcatheter or coil

Ruptured aneurysms

Unruptured aneurysms

With BAT

Without BAT

s m/s m/w large
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is repositioned or removed. Our results dif-
fered from previous reports, and no difference
was found in the frequency of HIs on DWI af-
ter BAT. The effect of antiplatelet drugs may
again represent one reason for these results.
Antiplatelet therapy may restrain thrombus
formation following damage to the blood ves-
sel wall. In addition, newly developed intracra-
nial assist balloons may contribute to the de-
crease in thromboembolic events for coil em-
bolization with BAT. The need for adjunctive

techniques such as BAT or stents seems likely
to increase in the near future, and attention
should be paid to periprocedural thromboem-
bolic events.

In conclusion, great care must be taken in
procedures for ruptured aneurysms. Moreover,
the risks of thromboembolism with adjunctive
techniques such as BAT may be decreased by
administering anti-platelet drugs. Periproce-
dural management for thromboembolic events
is crucial in endovascular surgery.
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